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Since Ashkin first discovered that gradient force of optical field can be used to
capture dielectric particles in 1970, optical tweezers has been widely used as a
tool for capturing, sorting, deceleration and manipulation of small particles for 30
years, and has played an extremely important role in many fields, such as
molecular biology, experimental atomic physics and colloid chemistry, etc.
Various types of optical tweezers have been developed by scientists. Among all
optical tweezers, holographic optical tweezers has led a technological revolution
in optical manipulation due to their significant advantages in generating multiple
optical traps and its compatibility with computer in manipulating particles.
The shortcoming of all traditional holographic optical tweezers has been the low
diffraction efficiency of diffraction component or spatial light modulator currently
used. Another disadvantage is that calculation of the holographic pattern is
computationally intensive regarding the manipulation of the particles. These
shortcomings have led to the complexity along with a low optical efficiency of
holographic optical tweezers systems. And they have became the major
bottlenecks that restricted the development of holographic optical tweezers.Only
by improving the optical efficiency and reducing the calculation complexity of the
manipulation precess can holographic optical tweezers extend its utilization in
other fields. In this graduation dissertation, three novel holographic optical
tweezers system were designed and set up based on the theoretical analysis of
gradient forces, in order to overcome the shortcomings that holographic optical
tweezers currently have and to extend its utilization in other fields.
Firstly, the theoretical basis of trapping forces in optical tweezers were analyzed
in detail, and the radiation pressure on various types of small droplets in different
optical field were fully invested and discussed for the first time.Subsequently













tweezers system were proposed and experimentally tested. Through discussion
of the experimental results, a novel holographic optical tweezers system based on
the Talbot effect that use the self imaging of microstructure to realize the trapping
of small particles,which is convinced to be the best solution, was proposed and
set up. Since the self-imaging optical field of the microstructure is yet to reach its
diffraction zone, all the laser energy can be used to form the traps to capture the
particles, which greatly improved the optical efficiency of holographic optical
tweezers system. In addition, since Talbot image is the ideal image of the
microstructure, which means that the optical field distribution of Talbot image is
the accurate reproduction of the refractive index distribution of the microstructure,
the novel holographic optical tweezers system doesn't require computer
generated hologram to form the traps, which significantly reduce the complexity of
the calculation when manipulating the particles.
The innovations of this dissertation are as follows:
1) A novel approach that directly use Talbot image to capture particles is
proposed. The proposed method made a breakthrough in improving the overall
optical efficiency of holographic optical tweezers system, thus greatly reduce the
laser power required. The cost of holographic optical tweezers system can be
greatly reduced since the system does not require expensive laser, which is
difficult to maintain.
2) A novel holographic optical tweezers system based on the Talbot effect is
designed and set up. The system uses a lens group to shrink the beam, which
increases the optical efficiency of the holographic optical tweezers system even
further.
3) Another advantage of the system is that it has the potential to greatly reduce
the computational cost of the holographic optical tweezers regarding the
manipulation of the particles, which enables it to manipulate a large group of
particles simultaneously.
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